EVIDENCE FOR THE HYBRID ORIGIN OF 
PETASITES WARRENII AND P. VITIFOLIUS 


Alfred L. Bogle* 


The purpose of this paper is to present evidence for the 
hybrid origin of Pc’tdsifcs u'd I't'dnu St. John, an endemic to 
the State of Washington. This interpretation is based on 
the study of herbarium specimens, on observations in the 
field of reproductive biology and distribution, and on the 
progeny from artificial hybridizations involving P. warrenii 


f 


(Ait.) 


Cronq. and P. sdglttafus (Pursh) Gray. A portion of the 


foHu 


Amei 


net of the same hybridization complex which has produced 


P. warrenil. 


TAXONOMIC HISTORY 

The circumboreal genus Petasites Mill. (Compositae- 
Senecioneae) is represented in North America by four ill- 
defined native taxa, and two introduced species which have 
escaped from cultivation (P. japonicus Maxim., and P. hy- 
bridus (L.) Gaertn., Mey. & Sherb.). The systematics of 
the indigenous members is based almost entirely on leat 
shape, and was last revised by Cronquist (1946, 1953). As 
a result of his revision the numerous species described from 
this continent up to that time (cf. Rydberg 1927) were 
reduced to only tw'o, P. sagittatiis (Pursh) Gray (Fig. IB), 
and the polymorphic P. frigidus (L.) Fries, with three 
varieties: var. frigidus (Fig. IK, L), var. nivalis (Greene) 
Cronq. (Fig. IH, J), and var. palniatus (Ait.) Cronq. 
(Fig. lA). The following key to the species and varieties 
is taken from those of Cronquist (1953, varieties of P. frigi¬ 
dus', 1955, P. sagittatus.) 


1. Leaves evidently lobed, varying to coarsely few-toothed with 5-15 
teeth on each side. P* /ri<7w/M.<5 


*PrcsGnt adiress: The Arnold 
Cambridge, Massachusetts 02138 


Arboretum, Harvard University, 
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2. Leaves merely coai’sely toothed or very shallowly and obscurely 

w ^ ^ %r 

lobed; circumboreal, characteristically arctic, extending' south, 

uncommonly, to central Washington. var. frij/idua 

2. Leaves evidently lohe<l. 

8, Leaves palmately or more often pinnipalmately lohed and 
veined, the lobes ordinarily not extendinj? moi’e than halfway 
to the base (or often deeper in western specimens, which 
are distinctly pinnipalmate) ; leaves seldom more than 2 dm. 
wide, seldom evidently wider than long; characteristically 
subarctic or of boi'eal forests, extendinj*’ south to the Gaspe 
Peninsula of Quebec, northern Minnesota, and at hij>h eleva- 

vations in the mountains to northern Quebec. var. imuilis 

Leaves palmately lobed and veined, the lobes commonly ex- 
tendinj*’ well over half way to the base (or in western speci- 

t n 1 a JO u t li a 1 way to the base) ; leaves tend- 

inj? to be broader than long, often very large (up to 4 dm. 
wide) ; more southern than the other varieties, e.xtending 
south to California, Minnesota, Michigan, and Massachu¬ 
setts. var. /xthudfnft 

Leaves varying from .merely a little wavy and callous-denticulate 
to moi-e commonly conspicuously dentate with 20 to 4.'> teeth on 
each side. Wet plac('s: Alaska to Labi'ador, south to northeastern 
Washington, noi-thern Idaho, Montana to Colorado, northern Minne- 
.sota and Wisconsin. P, tuif/iltatuff 


3 . 


was not without precedent. Hooker (1833) 
first suggested that the North American taxa might best 
be considered as varieties of a single species. Under the 
generic name of Nardosmia Cass, he recognized four dis¬ 
tinct species {N. frigida Hook., N. corymhom Hook., N. 
palmafu Hook., and N. sagitfata Hook.), but noted that 
they “are distinguished by very slight characters, and the 
numerous specimens before me, would, in the varied form 
of the foliage, lead to the suspicion that they in reality 
constitute but one species.” 

Herder (1865) reduced Nardosmia palmata and N. 
corymbosa to varietal status under N. frigida, but his re¬ 
vision went unheeded by North Americiin taxonomists, who 
subsequently described (Several minor morphological vari¬ 
ants as distinct species. 

Rydberg (1927, pp. 310-315) recognized eleven distinct 
species, and in the fifteen years following his publication at 
least two new species and one variety were described. 
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It was to Herder’s syistem that Cronquist especially re¬ 
ferred in again revising the taxonomy of the group. The 
interested reader may consult his papers (1946, 1958, 1955) 
for comments and synonymy. This classification is now 
found in several major floristic works published within the 
past dozen years, and its nomenclature is followed here. 


It has been rejected by Hulten (1950, p. 



however. 


and is not followed by such authors as Anderson (1959), 
Moss (1960), and Polunin (1959). 

Cronquist (1946) tentatively placed Petasites irarrenii 
(Fig. ID) in synonymy under var. frujidus, and later 
(1955) .stated that in leaf form it was “approaching var. 
nivalis. Perhaps eventually to be recognized as a distinct 
variety.’’ He also (1946) I'educed P. vitifolms Greene 
(Fig. IE, G; inch P. trigonophyllu^ Greene) to synonymy 
under var. nivalis. 

The peculiarities of form and distribution of Petasites 
warrenii prompted this investigation of the taxon, and of 
the possibility of interspecific relationships between P. frigi- 
dus var. palmatns and P. sagittatus. 


MATERIALS AND METHODS 


In the course of this study more than 1000 herbarium 
specimens of the North American taxa were examined. 
Those (Specimens which are considered to have originated 
in the complex of hybridization described here are listed 
below under a separate heading. 

In the field the limits of distribution of Petasites warrenii 
were ascertained, and observations made on the nature of 
its inflorescences and reproduction. Live female plants of 
P. warrenii and P. sagittatus were transferred from the 
field to cultivation in the greenhouse for later use in arti¬ 
ficial pollinations. 

Artificial pollinations were made both in the field and 
in the greenhouse in the spring of 1960. In the greenhouse 
pollen from male plants of Petasites frigidus var. pahnatus 
growing on the road embankment of U. S. 10, about one mile 
east of Issaquah, Washington, was transferred to flowers 
of female plants of both P. sagittatus, collected near Bona- 
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parte Lake, Okanogan Co., Washington, and P. warrcnii, 
collected near Liberty, Kittitas Co., Washington. Pollina¬ 
tions were made and i)lants kept in insect-proof cages. 

In the field, female flowers of Pvta.sifvs irarrcnii, bloom¬ 
ing near Liberty, were pollinated by flowers of male inflores- 
censes of P. frifiulns var. ixilniafiu'i blooming near the sum¬ 
mit of Snoqualmie Pass, Washington (a linear distance 
from Liberty of approximately forty miles). The pollinated 
inlloi’escences were protected from insects by covering the 
scapes with a nylon stocking, the lower, open end of which 
was tied shut around the scape and supporting wire fi’ame. 

Pollen was apj)lied to the i)rotruding styles of as man.v 
flowers and heads as possible. It could not be determined 
which styles were in a i-eceptive condition, or how many 
received pollen. In both locations adjacent flowering in¬ 
florescences wei’e left unpollinated as a simi)le test for natu¬ 
ral pollination. (Jnfortunatel.v, male plants of l^vfasites 
s(i(/Ht((fi(s were not available for making reciprocal crosses, 
and male plants of P. irarrcnii are unknown. 


OBSERVATIONS AND RESULTS 


R(’productivf biolopy 

All of the North American Pcfosifes are polygamodioe- 
cious, I'hizomatous, herbaceous perennials, utilizing both 
sexual and asexual modes of repi'oduction. Proliferation by 
means of bi’acteate rhizomes is predominant. In this way 
large clones develoji from a single vegetative fragment or 
seedling. 

Inflorescences of Petositx’s are variously described as 
polygamodioecious, subdioecious, or dioecious. All heads ex¬ 
amined by the writer of the taxa concerned here have con¬ 
tained both bisexual disc florets and unisexual pistillate i*a.v 
florets in varying numbers. F’ield observations, however, 
indicate that the jilants are functionally dioecious, and are 
here termed male and female. Heads of the functionally 
male scapes contain numerous (up to about (>0 in var. pahn- 

of Washington) i)erfect, tubular, disc florets sur¬ 
rounded by a single peripheral row of sterile, pistillate, ray 
florets. The anthers of the disc florets are the sole source 
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of viable pollen; their ovaries are sterile. In contrast, heads 
of functionally female inflorescences contain at their cen¬ 
ters only a few (1-5) reduced, perfect but sterile, disc 
florets. These are surrounded by many (up to about 200 in 
var. palmatus of Washington) fertile, pistillate, ray florets. 
Seed is formed only in the female inflorescences. 

Considering the essentially dioecious nature of the plants 

and the predominance of vegetative reproduction, it is not 

unusual to And large colonies or clones which are entirely 

of one sex or the other. It appears significant, theiefoie, 

that extensive searching through the colonies of PctasiU’s 

period of two years has shown that all 

plants of the taxon are female. This observation also applies 
to all of the herbarium specimens examined. In addition, 
innumerable inflorescences were checked at maturity foi 
seed development, but none was found; this suggests the 


wnrrcnii over a 


male 


When both types of inflorescence occur in proximity, pol¬ 
lination, effected by a variety of insects (including butter¬ 
flies, hoverflies, humble-bees, honey-bees, and beetles on 

pabiKifu^ in the Puget Sound region), usually takes 


var. 


place and the sexual cycle is completed. 

Once the pollen has been shed the male infloi*escences 

quickly wilt and die, while the female inflorescences persist, 
undergoing considerable increase in height. At maturity the 
involucral bracts of the fruiting heads reflex, allowing the 
crowded pappus filaments of the many flowers to expand 
into a conspicuous, cottony mass. The seeds are carried 

away on the wind, or fall to the ground. 

In the Puget Sound region seeds of var. palnutfus have 

been observed to germinate while still attached to the re- 
cejitacle, while in the laboratory fresh seed will ordinarily 
germinate on moist filter jiaper within 24 houis. The peiiod 
of viability appeal's to be rather short, however, perhaps as 

little as a few weeks in duration. 

Somatic chromosome counts by Kruckeberg (Ornduff et 
al. 1943) on plants from the Paciflc Northwest indicate that 
X 30 for Petdsifes irarrcnii, P. sapittafns, and P. frig id ui^ 
var. p((I)H(iti(s (P. spcciosus). S(/)rensen and Christiansen 
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(1964), however, report counts of 2?? 
sagiftaf us (2/?. = 58, 59, 60), and P. f 


approx. 60 for P. 


( 2 «. 


60, 61, 62), in plants from Fort Chimo, Labrador. 
The latter authors sug’g’est that the basic chromosome num- 
bei’ in the genus Pcfdsifcs is 29, with “A few small chromo¬ 
somes, presumably B-chi’omosomes” accounting for the 
vai^ving numbeis in these and other species of the genus. 


Herba rium studies 

Among herbai‘ium specimens the leaf form of Pefesifes 
irarrenii (Fig. ID) can be matched by some specimens 
among the wide vai-iety of forms once relegated to P. viti- 
foliiLs (Fig. IE, 0), but now included with P. frigid-iis var. 
nirahs (Fig. IH, J). In some instances the varying speci¬ 
mens labeled P . vittfolius have been collected in areas where 
P. fric/idus var. palmatus (Fig. lA) and P. sagif.fafus (Fig. 
IB) are symj)atric and growing in close proximity, as is 
apparent in the collections of Porsild and Breitung along the 


Me 


Calla in the vicinity of Banff, Alberta, or in specimens col¬ 
lected by the writer and others on the shores of Lake Itasca, 
Clearwater Co., Minnesota. 


The ranges of the taxa primai’ily concerned in this pat¬ 
tern of hybridization, as determined from the label data of 
herbarium specimens and fi*om the writer’s observations in 
the field, are discussed below. Their general distribution in 
the Pacific Northwest is illustrated in Fig. 4. 

Petasifes frigidus var. palmatus (Ait.) Cronq. (Fig. 
lA) spans the North American continent. It ranges from 
Newfoundland south to New York, and westward through 
the border provinces of Canada and the northern portions 

gan, Wisconsin, and Minnesota, to Vancouver 
Island, British Columbia. In the continental interior it ex¬ 
tends northward to southeastern Yukon, and to the arctic 
coast of the Northwest Territories, where the segregate spe¬ 
cies P. areficKs Porsild (Porsild 1948, p. 74) has been de¬ 
scribed on the basis of collections of var. pniniatus from 

enzie River delta area. On the west coast a robust 
ecotype, formerly designated P. speciosus (Nutt.) Piper, 


of Mich 


M 







1 ‘>68 ] 


Petasites — Bogle 


539 



Fif;’ure 1. A. Pet(i.^ilc>< frHjulua vaf. pahruttKs (P. sjxciosKs), 

B. P. i<(tf/ilt(il various forms of the* hybi’id l\ X vi(ifolius^. 

C. P. xaijil(ntUH X fri(/idun var. palnutlus, 1), P. ivarreiiH, E. P. 
vitifoliux, MoCalla i)3(>7. Vermillion Lake, Banff, Alberta, (labeled 
P. palmdtus), F. P. wnrrmii X friyidus var. pahnatux, G. P. vitifoiius 
Itasca State Park, Minnesota, H. P. friyidus var. nivalis Mt. Rainier 
National Park, Washinprton, J. P. friyidus var. nivalis Mt. Garibaldi, 
Garibaldi Provincial Park, British Columbia, K. P. fidyidns var. 
friyidus, Coll; Montell Laj)pland (Finland), L. P. friyidus var. friyi¬ 
dus, Spetzman 873. Ala.ska, Arctic slope. 
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inhabits the cool, moist, western slopes of the Cascade and 
Coast ran}»es to altitudes of about 2500 feet, and ecologically 
favoiable places in the valleys of the toothills on the east 
side of the Cascades in Washington and Oregon (Fig. 4). 
The variety also has a far-eastern distribution in Sakhalin 
(Sugawara 1940), where the segi-egate species P. tute- 
imkmnus Kita. has been designated (Kitamura 1940), and 
the natural hybrid P. japonicus suhsp. ghpmtem X /^ tate- 
wakiuum Kita. described (Kitamura 1942, p. 165). 

Plants of var. pahnafus thrive in the moist soils or wet 
clays of distilI'bed sites such as stream banks, road cuts and 
embankments, or logging roads in the Pacific Northwest, 
and in the moist soils of the forest floor in Minnesota. 

The range of PeUisitcs mgittatus (Pursh) Gray (F'ig. 
IB) extends from Labrador westward through Canada to 
British Columbia, Yukon, and on into Alaska (see map no. 
.‘>22 in Porsild 1957). It occurs in northeastern Washing¬ 


ton 


Minnesota 


ically in the Rockies from 


Mont 


southern Colorado. A large portion of its range overlaps 

that of var. palmatus, and in some places they may be found 
growing in close proximity. 


W 


Minnesot 


in shallow standing water or marshy situations, with their 

rhizomes buried to a depth of .several inches in the soft 
mud. 

The fii’st collection of Pf^fasifcs 'irutTcuH St. John (Fig. 
ID) was made by F. A. Warren in 1926 along Swank Creek, 
near the town of Liberty, in the Wenatchee Mountains of 
Kittitas County, Washington (Fig. 2, 4). Field work in 
the area has I’evealed its distribution to be restricted to the 
moist or wet soils of stream banks, or soft muds of marshy 
alluvial fiats along the courses of three streams: the 
Boulder, Williams, and Swank creeks (Fig. 2). Boulder 
Creek drains into Williams Creek, which flows through the 
old goldminers’ town of Libertv and empties into Swauk 
Creek. The scHtt 0 r 0 d coloni 0 s of P. ii found nlong' 

Swank Creek and lower Williams Creek have probably 
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developed clonally from fragments of rhizome washed down¬ 
stream from the areas of most extensive development along 
Boulder Creek. The linear distance of distribution along the 

three streams is roughly six miles. 

Occasional plants of Petasites frig ictus var. pabnatus are 
found in ecologically favorable situations along these 
streams, and one pistillate clone has been observed growing 
within a large colony of P. ivarrenii. These scattered plants 
probably arise from seeds carried across the mountains on 
the wind from the main area of distribution on the west side 

of the Cascades. 
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Pvta .S 'ifes Vif ifoli 


IE, G) is known from 


lower elevations in British Columbia and Alberta, and east¬ 
ward to northern Minnesota and the Gaspe Peninsula of 
Quebec. This distribution covers essentially that portion of 
the continent in which the ranges of var. jxdynatus and P. 
saoittatus coincide. Plants of the taxon utilize the habitats 

of eithei- putative parent, but do best in the mai'shy condi¬ 
tions typical of P. sagiftatus. 


Results of artificial hybridizations. 

Seed production in plants artificially pollinated in the 
field was low. Thirty-seven apparently viable seeds were 
recovered from inflorescences of Petasites ivarrenii. Results 
were considei'ably better in the greenhouse, where 458 ap¬ 
parently good seeds were taken from P. irarr<>nii heads, and 
111 fi'om heads of P. s((gittatus. Fruits containing viable 
iseeds can be recognized by their larger size, turgid condi¬ 
tion, and light- to dark-brown color. Ovaries in which em¬ 
bryos fail to develop are small, withered, and lack color. 
In addition, seed development is accompanied by a consid¬ 
erable elongation of the pappus. Visual inspection is suf¬ 
ficient for separation. 

Some of the hybrid seed obtained was immediately germi¬ 
nated, and mature plants have since developed and flowered 
in the greenhouse. These hybi'ids may be tentatively desig¬ 


nated as Petasites sagittatus X 



var. })((lmatus, 


and P. u'arrenii X frigidus var. pahnatus. They are dis¬ 
cussed briefly below, and the forms of theii* leaves and 
style branches are compared with those of the ))arents in 
figures 1 and 8 respectively. 


Pet((sites sagitt((tus X frigidus var. palmatus. (P^ig. 

1C). 

Mature leaves of this F, hybrid are shallowlv lobed, with 

t- 7 

the lol)es entire to sinuate-dentate, or again shallowly lobed. 
In Fig. 1 the general leaf form of this hybrid (P'ig. 1C) is 
compared with those of the other North Amei'ican taxa, 
including: Petasites umrrenii (Fig. ID) ; a leaf representa¬ 
tive of collections, variously labeled P. vitifolius or P. palm- 
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atus, made by McCalla in the vicinity of Banff, Alberta 
(Fig. IE) ; two specimens of P. frigidus var. frigidus (Fig. 
IK, L), to which P. ivarrenii is attributed; and two leaves 
of P. frigidus var. nivalis (Fig. IH, J), to which the vari¬ 
ous forms of P. vitifolius are attributed. 



Figure 3. Comi)arison of the style branches of parent and hybrid 
forjns. 


The style branches of the parental taxa, the artificial Fi 
hybrid, and Petasites warrenii are compared in Fig. 3. The 
styles of P. frigidus var. palmatus (P. speciosus) are 
clavate, with a very shallow notch about 0.5 mm deep at 
the tip.* The surface of the entire style tip is papillose, with 
no elongated setae. The styles of P. sagittatus bear more or 
less oblong branches which are about 1.0-1.5 mm long, with 
long isweeping hairs clothing the margins and tips. In P. 
wcbrrcyiiiy and P. sagittatus X frigidus var. palniat/iis, the 
style branches are more or less inteiTnediate in length, and 
terminate in elongate hairs very similar to those in P. sagit¬ 
tatus, but their margins are merely papillose. The style 
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branches ol both the ai'tificial and supposed natural hybidds 
thuiS compare favorably in form, and are inteimiediate be¬ 
tween those of the parental taxa. Although the styles il¬ 
lustrated here were taken fi’om the somewhat reduced, 
sterile, disc florets of the female heads of the four taxa, 
comparison with their lai’ger, fertile counterparts in the 
male heads (with the exception of P. nmrrrnii) shows their 
form to be representative. 

The form of the bracts of the infloi’escence scape, the 
margins of the involucral phyllaries, and of the flags of 
the anthei’ connectives (although not illustrated hei’e) also 
compare favorably among the artificial and supposed natu¬ 
ral hybrids, and are intermediate between those of the 
parent taxa (cf. illustrations in Bogle lOGl). 

Petdsifes ii'((rr('nii X frigidus var. pafniatns. (Fig. 

IF). 

If, on the basis of the foi’egoing morphological evidence, 
a hybrid oi’igin similar to the above can be accepted for 
Prfasitcs H'arrcuii, then the combination P. H'urrenii X 
fviguliLH vai’. palnutfus is the equivalent of a backcross of 
an F, hybrid to the jialmate pai-ent. Leaf foi-m among 
progeny of /^ irurrcun X frigidus var. jxihudfns does not 
exhibit the relative uniformity seen in offsiu'ing of P, j^dgif- 
fdfds X trigtdus var. and the lobing is deeper 

than that of the F, hybrids. It was found that the various 


foi’ms 


recovei'ed among the backcross 


progeny compare 


favorably with many of the variations of P. rififolms 
lound in nature. The mature leaf form of one of these hy¬ 
brids (Fig. IP”) is compared with that of a collection of P. 
ritifoIid.<! from Itasca State Park, Minnesota (P"ig. IG), and 
with leaves of P. fngidufi vai’. w/ruZ/.s of aljiine habitats in 
the Cascade mountains of Washington and British Colum- 


subordinated. 


■/ 


PoUrn ridhilifif 



?n grains from available male jilants were stained in 
lactophenol-aniline blue to ()l)tain a I'ough measui’e of jiollen 
viability. Two to four (lowe)'s from each infloresernce were 
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tested, and a minimum of 200 grains were counted for each 
flower. The number of plants tested is indicated in paren¬ 
theses after each binomial. The ranges of stainability per¬ 
centages found are as follows: 

P. frigidus var. palmatus (P. i^pecioHus 
P. Hdgiftdfus X frigidus var. palniufus 
P. warrenil X frigidus var. paliuafus. 


► , (8) . 95-999r 

(10) . 29-99 

(8) . 29-44 


P. 


tif 


( 1 ) 


15 - 6 ; 


Although the range of stainal)ility is rather wide in 
Pefasifrs sagiftafus X frigidus vai'. palmatus, more than 
half of the counts obtained are in excess of sixty percent. 
Viability may vaiy considerably from flower to flower with¬ 
in an infloi’escence, but in most cases the extJ’emes of range 
are from different plants rather than from llowei’s of the 
same plant. Increased complexity of the genome, as in P. 

X frigidus var. pul mat us, appears to be accom¬ 
panied not only by reduced jiollen viability, but by inci eased 
variability in the size of pollen gi-ains and in the stainability 
of their protoplasts; it thus becomes increasingly difficult 
to distinguish between viable and inviable grains. 


u'urrenu 


DISCUSSION 


The opinions of Hooker, Herder, and Cronquist reflect 
the impression given by herbarium specimens that the thiee 
morphological **peaks^^ of leaf form embodied in the vaii- 


/ 


(Fig. 1) are almost completely 


intergrading'. Hooker (1888) maintained P. scigittutus as a 
species, while suggesting that it, too, intergrades with the 
other forms. Cronquist considers P. sagittatus sufficiently 
distinct to be maintained as a separate species. The evidence 
presented above, however, suggests that P. irnirpnii, and 
many of the variants formerly lumped in P. vitifolius but 
now assigned to P. frigidus var. uivulis, aie actually mani¬ 
festations of hybridization between P. sugittcitus and P. 


frigidus var. pulmutus. 

Many of the various leaf forms of putative hybrid origin 
found in nature can be matched by similar forms found 
among the artificially created hybrid progeny. The mor¬ 
phological intermediacy seen in the leaves and style 
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branches of Fcfasites icarrenu and the artificial F, hybrids 
is also apparent in their inflorescence bracts, phyllaries, and 
anther connectives. Such intergradation of form could 
doubtless be demonstrated in other areas of the continent 
vv'here hybrids are being formed, but the F, hybrids should 
be expected to reflect the morphological variation seen in 
the parent taxa from different geographical areas. The 
deeper, narrower lobing of midwestern representatives of 
var. palnudiu^i, for example, may result in deeper lobing in 
Fi hybrids than that apparent in P. wan'enii and the arti¬ 
ficial F, hybrid illustrated here, both of which reflect the 

broader, more shallowly lobed west coast phase of var. 
palnudu.^ (i.e., P. 

Pollen stainability percentages indicate high fertility, or 
at least some fertility, in plants of both the F, and more 
complex hybrid generations. Such feidility in nature has 
l)robably enhanced the variation among hybrids through 




Fifiuie 4. 
PetdKitcs in 


A])j)roxiniate limits of distribution of four 
the Pacific Northwest. 
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the formation of Fo and F 3 combinations, and backcrossing 
of these to the parent stocks. 

It is now necessary to remove the taxa of hybrid origin 


from synonymy under the 




and to consider the position of P. sagitfatus. Removal of 
P. tvarrenii from var. frigidus eliminates the variety from 
the State of Washington, restricting the southern limit of 
its range to northern British Columbia. Transfer of P. viti- 
folnis from var. nivalis, however, shrinks the transcon¬ 
tinental range of the variety to a much smaller arctic-alpine 
distribution in northwestern North America, where it then 
consists only of the former species P. nivalis Greene (Fig. 
4) and P. hypvrboreus Rydb. Even with P. vitifolius re¬ 
moved var. uiralis remains a polymorphic group of unknown 
origin, i)ossibly arising in hybridization between P. frigidus 
var. frigidus and var. palmafns, as suggested by Hulten 

(1950, p. 1588). 

With regard to the position of Pvtasifes sagittatiis it could 
be argued that there is now a l^asis for reducing the species 
to varietal status within the P. frigidus complex if genetic 
compatibility and intersiiecific hybridization are to be the 
cidteria for classification. Hulten (1950, p. 1588), however, 
does not agree with the idea of uniting such diverse forms 
under a single specific epithet. He would prefer to main¬ 
tain the varieties as distinct species and recognize the hy- 


formula design 


The latter is the course 


preferred by the writer in the case of P. sagitfatus. The 
link of hybridization between P. sagittatiis and P. frigidus 
var. palmatus is strong. On the basis of four collections 
from widely scattered points in Alaska and Yukon, Hulten 
has also proposed hybridization between P. sagittatiis and 


frigidus var. / 


(isee map 1177c, Hulten 1950) 


But in neither case of hybridization is the characteristic 
form of P. sagitfatus “swamped” by the hybrid interme¬ 
diates. 


On the basis of herbarium studies the areas of primary 
hybridization to the south, at least, appear to be few. The 
number of probable Fi specimens similar to those illustrated 
here is also few compared with the number representing 



548 


Rhodora 


[Vol. 70 


apparently more complex hybi-id combinations such as Peta- 
sites warrcnii X frigidus var. palviatus. Wide dispersal of 
wind borne hybrid seed may magnify the extent of actual 
j)rimary hybridization between the parent species, while 
l)ersi-stence of hybrid plants through vegetative repi’oduc- 
tion may greatly increase the pei’iod of time, as well as the 
number of individuals, available for further hvbridization. 
/^ ii'arn nii is a case in point. Its exact origins are un¬ 
known. It may have develoi)ed from a chance hybi'id seed 
blown in from some area to the north where the putative 
parents are hybridizing, or it may have arisen through hy¬ 
bridization in the Swank valley if P. .^agitfufus occurred 
there in the past. Occasional female plants of vai'. pahiiatus 
have been found among the colonies of P. irarrenii. Should 
a male plant of var. palnuitus become established among the 
strictly female clones of P. u'arycnii a new phase of hybridi¬ 
zation could begin. 

In the southern portions of t’neir ranges Peta.^ites sagit- 
fdf'Kii and P. frigidus vai*. palmutus are distinct moi’pholog- 
ically and ecologically, and their hybidd offspring ai’e recog¬ 
nizable. The writer feels that extensive field work and 
detailed study in critical northern areas, to delimit more 
pi-ecisely the varieties and their inter-relationships, should 

precede expansion of the P. frigidus complex to include 
P. sugiff((fus. 


CONCLUSIONS 

Prtusitf iciU'rcHu and P, vitifoliu^ (including* P. trifjojw- 
j)hyllus) are merely phases of a large and very variable 
group originating in hybridization between P. sagittatus 
and P. frigidus var. jiahiiafus. Repeated interbreeding 
among hybrids, and backcrossing to the parent stocks, has 
jirobably occurred, producing the wide I'ange of vai'iability 
now seen among the hybrids. The following hybrid designa¬ 
tion is proposed to include the intermediate forms: 

Pefasifes X rififolius Gi'eene (jiro sp.) == P. sagittatus 
X P. frigidus var. pahuatus. 

P. irarreiiii St. John, Res. Stud. State Coll. Wash. 

1:109. 1929. 
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P. vitifolia Greene, LeaH. 1:180. 1906. 

P. trigonopliylla Greene, Leall. 1:180. 1906. 

Listed below are the herbarium specimens examined dur¬ 
ing this investigation which are considered to be of hybrid 
origin. The specimens of all taxa examined and annotated 
are listed in a previous i)aper (Bogle 1961). Abbreviations 
used to designate herbaria are those proposed by Lanjouw 
and Stafleu (1959). Specimens of the artificial hybrids syn¬ 
thesized during this study are on deposit in the herbaria of 
the University of Washington, the University of Minnesota, 
and the Grav Herbarium of Harvard Univei’sity. 


Ahhc, Abbe, & Marr .i221 (MIN, I'S) ; Abl(;r()i 1022 (MIN) ; Atider- 
.s‘o», J. 10414 (isc) ; A)i(h’rH(>)i, J. R. (WSU 44048 ); Rvcket M-55-2S 
(min); lircilinu/ 1704, 15S02 (UAC); Bri)ikm(in 4254 (US); Broion 45 

(iSC); Butlers, Huff, & Rosenddhl 2755 (MIN); Cdtnplxdl 150, 5(>9 
(CAN) ; Kdsllidni (CBC ll!>22d, 11022b) ; Rdstu'ood 470 (CAN, WS), 481 
(rs, WS) ; Fcnidld & Collins 250 (MIN, I'S) ; Fcrnnld, (Iriscom, & Mdc- 
ktlnzie 20OSO (rs); (idrto)i 1455 (I'S), 2041, 8520 (MIN) ; Cillet 2215 
(us); Hdrper 2072 (MIN); Hitchcock & Mdrsh 22H2 (WTU, WS) ; 
Krivdd, ISOl (rnc) ; Ldkcld 1127d. (min, us), SOSl, 2252, 11022, 12222, 
12252, 20527 (MIN); Lewis 20(! (Us); Mdcnnn 6/10/1880 [TYPE of 
I*, vitifolids') (US), (wsr 40221); Morie-Victorin & Rolldnd-Germdin 
27507 (us) ; Mdrie-Victoriii, RolhtJid-Ci rntnin, & Lonis-Mdric 21232 
(US); McCdlld. 2050d, 2704, 7001, 11210 (I'AC), 0102, 0225, 0275, 0224, 
0207, 0500, 0520 (UBC) ; Moir 212, 027, 1107, 1425, 2010, 2040 (MIN) 
Moore & Moore 11022 (MIN) ; ^loss 2000, 2255, 4'210, 4204, 2240 (I'AC) 
Moyle 042 , 1001 (MIN); Nelson 2220 (MIN); Oirnbey 2210 (MIN) 
Borsild & Breitnna 022,2, 02,22, ((’AN), 0750 (WTU), l(i.l2.! (CAN, ISC), 


10224 (ISC), 11722 (US); Riehords 


f '' 


02 (MIN); Rich d rdsi, // 14 07 2 


(min); Rosenddhl & MoyU 


Oo) 


12 (MIN); 


(can); Rose)iddhl 2,752 
Sandbery 155d. [typf: of /'. I riyonopliyllns] (US, Ws), ( rs 2,5050), 
(MIN 212577); Scoyydu 512,1, 5007 (UAC); St. John, F)iylish, Jones, 
& Mnlle)i 2100 (ws) ; Taylor & Leiris 202 (rBC); Thonipso>n 5001, 

2204 (wxr), 11210 (MONTr, ws, wrr), 12,502 (id, min. i ac, i’bc, ws) ; 
Tisdale ( I’BC’ 8736); Turner 1725, 4207, 4514 (I'BC), 4204, 4207, 

4400 , 4412 (VAC) ; ir arren -120, 542 [typk of P. ‘ivarroiii], 200 (ws). 
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